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Suppression of + (J = 3/2 ± ) photoproduction from the proton 
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Abstract 

We investigate the photoproduction of 6> + from the proton and neutron, 77V 



KQ + . Assuming that spin and parity of 



<d + are J p — 3/2 ± , it is shown that the production from the proton is strongly suppressed as compared with that from the 



neutron. This could provide a possible explanation for the null results of the recent CLAS experiment in finding B 
reaction jp — » K°Q + . 
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Since the seminal work by Diakonov et al. predicted 
the mass and width of the pentaquark baryon Q + p|, a 
great amount of research activities has been performed 
to clarify its existence and properties. Although many 
experiments reported evidences of + after the first ob- 
servation by the LEPS collaboration the situation 
is not yet conclusive primarily due to the relatively low 
statistics of the low energy experiments. Furthermore, 
in many of high energy experiments, the existence of + 
has been doubted (see, for example, a recent review Q 
for the compilation of the experimental results). 

Very recently, the CLAS experiment has reported 
no significant evidence of + in the reaction 7p — > 
K°Q+ This result should be taken seriously, be- 

cause they have achieved significantly higher statistics. 
Yet their result does not lead to the absence of 6 + im- 
mediately, because the previous positive evidences were 
seen mostly in the reactions from the neutron. Due to 
the violation of isospin symmetry in the electromagnetic 
interaction, there could be asymmetry in the reactions 
from the proton and neutron. A well-known example is 
the Kroll-Ruderman term in the pion photoproduction, 
which survives only in the charge exchange channels such 
as 77) — * 7r + n. 

In the present work, we would like to provide a mech- 
anism for the strong suppression of the reaction jp — > 
K°Q + , as compared to jn — > K~Q + . A similar result 
has been obtained in the recent work for A(1520, J p = 
3/2~)(= A*) photoproduction @, where we have shown 
the strong suppression of the charge non-exchange chan- 
nel; a in ^K°A* "C o-yp^K+A* ■ The large difference be- 
tween the two reactions was caused by the dominant con- 
tribution from the contact (Kroll-Ruderman like) term. 

Drawing a definite conclusion from theoretical stud- 
ies of reactions in this energy region is rather diffi- 
cult. However, we have accumulated empirical knowl- 
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edge from kaon and hyperon productions, where effec- 
tive Lagrangian method works reasonably well by choos- 
ing model parameters appropriately. In this method, the 
Born terms as shown in Fig. ^ are calculated. In addi- 
tion, we may add some theoretical constraints from the 
low-energy side. Here we attempt to clarify to what ex- 
tent our conclusions are reliable. Within a reasonable 
model setup, we show a remarkable role of the contact 
term for the neutron targets for Q + (J P = 3/2 ± ), which 
is, however, absent for the proton target. An advantage 
of the spin 3/2 states especially with the negative parity 
lies in the fact that this state is compatible with the very 
narrow width: in the quark model picture, the simple 
configuration (Os) 5 forbids the decay into the KN state 
in the d-wave 
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FIG. 1: Born diagrams calculated in the effective Lagrangian 
method. 



Let us start with a brief description of the effective La- 
grangian method. The spin 3/2 particle is treated in the 
Rarita-Schwinger formalism. Then the basic symmetries 
such as Lorcntz invariance and gauge symmetry enable 
one to write the interaction Lagrangians as follows: 
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where N, 6 M , K and yl^ 1 are the nucleoli, 9+(3/2+), 
pseudoscalar kaon and photon fields, respectively, and 
r 5 = 1 for 9+ (3/2+), while T 5 = 75 for 9+ (3/2-). In 
constructing the effective Lagrangians, we assume that 
9+ has the isospin 1 = 0. Note that the meson-baryon 
couplings here are constructed in the pseudovector (PV) 
scheme with the derivative acting on the kaon field. For 
the spin 3/2 case, this is the natural method to introduce 
the meson-baryon couplings including 9+. Therefore, we 
need to have the contact term as in Eq. explicitly. 

In Eq. Q), various coupling constants are introduced 
with obvious notation. As for the electric part of the 
799 vertex, we consider only the g pv term from Eq. (5) 
inRef. 0: e9^9 M . Hence, the propagator of 9^(3/2+) 
is approximated to take the form of spin-1/2 fermion. 
In fact, we have verified that the approximation works 
well since the relevant u-channel contribution is strongly 
suppressed by the form factor. For the decay width of 
9+, we choose T e ^ KN = 1 MeV H Q. This choice 
gives gKNe — 0.53 for 9 + (3/2 + ) and gKNe = 4.22 for 
9+(3/2~). The unknown parameter gK*N& is estimated 
by the quark model. As for 9 + (3/2 + ) we employ the 
relation \gx'Ne\ — V^gKNe which is applicable 

to both 1/2+ and 3/2 + states. On the other hand, we 
find \gK*N&\ ~ 2 for 0+(3/2~) of (Os) 5 configuration. 
In numerical calculation, we test the values of ±\gic*N&\ 
and in order to see the role of K*. 

As for the form factor, we employ the four dimen- 
sional gauge and Lorentz invariant one which was used in 
Ref. [a]- There, it was shown that this form factor with 
the cutoff A = 750 MeV reproduced experimental data 
of the photoproduction of A(1520) [j| qualitatively well. 
As for the anomalous magnetic moment of 9 + , we choose 
K@ = 1, which is an upper bound among the existing es- 
timation. In the quark model, its value turns out to be 
very small if 9+ has J p = 3/2" @. The resulting am- 
plitude, however, does not depend much on «e, since the 
form factor suppresses the s- and it-channel contributions 
that are proportional to kq ■ Since the calculation of the 
Born terms for 9+ (3/2+) photoproduction is analogous 
to that of A*, we refer to Ref. [5| for details. 

Let us now discuss our results. First, we show various 
contributions to the total cross section in Fig. [21 where 
results are shown separately as functions of the incident 
photon energy E y in the laboratory frame for the s-, t-, 
it-channels, if*-exchange and the contact term for the 
neutron target, and for s-, u-channels, and _fT*-exchange 
for the proton. It is shown that the largest contribution 



comes from the contact term which is present only for 
the neutron, while the u- and s-channel contributions 
are strongly suppressed due to the form factor. This is 
so because the baryon in the u- and s-channels are further 
off mass shell than in the t-channel. The ii"*-exchange 
contributes some, but the amount is significantly smaller 
than that of the contact term. From these observations, 
we expect that whether the contact term is present or 
not yields the large difference in the production rates 
from the proton and neutron targets. 
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FIG. 2: Total cross sections for each kinematical channel for 
J p = 3/2 + (upper two panels) and for J p = 3/2~ (lower two 
panels). Here, we use Fe^KN = 1.0 MeV. qk* ns = +0.91 
for the positive parity and +2 for the negative one. 

We can verify this explicitly as shown in the upper 
two panels of Fig. [21 where the total cross sections in- 
cluding all kinematical channels are plotted in logarith- 
mic scale for J p = 3/2+ (left panel) and 3/2" (right 
panel), and for proton (dashed curves) and neutron (solid 
curves). Three curves are obtained by using different 
values of gK*NQ as indicated in the figures. As antici- 
pated, the contact term is dominant for the neutron tar- 
get, which makes the cross sections significantly larger 
than for the proton target. The cross sections averaged 
in the energy range 1.73 < E 1 < 2.10 GeV are sum- 
marized in Table Q] The numerical values are evaluated 
when \g K *N&\ = 0.91(J P = 3/2+) and 2 (J p = 3/2"): 
They do not depend much on the sign of the coupling 
constant as we can see from Fig. [3] We find that the 
9 + production rate is larger for the neutron than for the 
proton, when the above finite values are used for gx'NQ, 
by factors - 25 (3/2+) and - 50 (3/2"). If g K -Ne = 0, 
the difference is even more enhanced. 



2 



Absolute values are larger for the negative parity 
than for the positive one, due to the large difference 
in the coupling constant; gKN&{J P = 3/2+) = 0.53 
and gKNe{J P = 3/2~) = 4.22. This difference stems 
from the different coupling structure of + decaying into 
the KN channel, i.e. p-wave for 3/2 + and <i-wave for 
3/2- H3- 

Once again we note that these cross sections are 
computed by using the parameters corresponding to 
kn — 1.0. For other values of kn, they are 
precisely proportional to kn f° r 3/2+ , while it is 
approximate for 3/2 - . 
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FIG. 3: Upper two panels: Total cross sections for J = 
3/2 + (left) and for J p = 3/2 _ (right). Lower two panels: 
Differential cross sections for J p — 3/2 + (left) and for J p — 
3/2~ (right). The numbers on the figures denote the values 
of the coupling constant gK* Ne ■ 

In the lower two panels of Fig. [3] we present the dif- 
ferential cross sections when E 7 — 2.0 GeV. There, 9 is 
defined by the angle between the incident photon and 
the outgoing kaon in the center of mass frame. For the 
neutron target we observe strong forward enhancement, 
which is the characteristic feature of the contact term 
with the gauge invariant form factor. On the contrary, 
for the proton target a bump appears at around 60° 
when i^*-exchange is present; the angle dependence of 
the K*NQ coupling characterizes it. If the if-exchange 
is absent, the cross section shows a backward peak which 
is the typical behavior of the u-channel process. These 
different angular distributions may help understand the 
production mechanism of + . 

Now it is interesting to compare the above results of 
J p = 3/2 ± with those of J p = I/2 + . Here we assume 



the positive parity, since the negative parity is not likely 
to be compatible with the narrow decay width 6]. The 
reaction for the 0+ of J p = 1/2+ has been investigated 
previously and we refer to Refs. [Til IT^ for details. An 
important fact for the case of J p = 1/2+ is that one 
can construct the effective Lagrangians both in the pseu- 
doscalar (PS) and in the pseudovector (PV) schemes. 
In a consistent description, these two schemes should 
be equivalent in the strong interaction sector. In fact, 
it was shown explicitly that the difference between the 
two schemes are due to the terms of anomalous magnetic 
moments which is the electromagnetic coupling [TJ, [l2j . 
Hence for the computation of cross sections we shall work 
out in the PS scheme with using the four dimensional 
form factor. To make our comparison fair, we adopt the 
parameters reproducing re— kn — 1-0 MeV [i| which 
gives g K Ne = 1.0 and \g K *Ne\ = V^gKNe = 1-73. For 
the magnetic moment we have used Ke — 1 again. 
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FIG. 4: Total (left) and differential (right) cross sections for 
Q + (l/2 + ). The numbers on the figures denote the values of 
the coupling constant gK * no ■ 

In the left panel of Fig.0J we show the total cross sec- 
tions as functions of E 7 , where we show the results with 
gK*N& = and +1.73. The result with gx*NB = —1-73 
is qualitatively similar to that of gK* we = +1.73. When 
gK* nq has a sizable value (gx'N& = +1.73), the total 
cross sections for the two different targets do not show 
obvious differences. On the other hand, the production 
rate is suppressed by a factor < 5 for the proton target, 

when K* -exchange is absent. In both cases the cross 
sections of the proton is less suppressed as compared to 
the neutron, a feature which is rather different from the 
case of + (J p = 3/2 ± ). We can understand this from 
the different role of the contact term. To this end, we 
consider the results in the PV scheme, where the con- 
tact term appears necessarily. For J p = 1/2+ , the gauge 
invariance and the equivalence between the PS and PV 
schemes requires that the form factor of the contact term 
must be the same as for the it-channel. Consequently, the 
contributions of the it-channel and contact term are simi- 
lar. In contrast, for the spin 3/2 cases where only the PV 
scheme is available, the contact term remains dominant. 



The differential cross sections at E~ t 



2.0 GeV are 



shown in the right panel of Fig. 0] In three cases curves 
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show a bump at around 45°, which is a feature of both the 
iGexchange and AT*-exchange terms. Only when both of 
them are absent (for the proton without K*), the bump 
structure disappears, where instead, the backward peak 
appears as is the property of the u-channel contribution. 
These angular distributions are once again very much 
different from the case of J p = 3/2 ± in particular for 
the neutron target. 

In the present work, we have studied the photoproduc- 
tion of + for J p — 3/2 ± and l/2 + , where we have com- 
puted the Born diagrams using the effective Lagrangians. 
The Rarita-Schwinger formalism was utilized for the de- 
scription of spin 3/2 + . The gauge and Lorentz invari- 
ant four dimensional form factor was employed with the 
cutoff determined to reproduce the data of the A(1520) 
photoproduction Several unknown parameters were 
estimated by the quark model and some phenomenolog- 
ical considerations. 

We have then found that the production rate for the 
proton target is significantly suppressed as compared to 
that of the neutron. This result is governed by the con- 
tact term which is present only in the charge exchange 
process for the neutron target. A similar observation 
was made in the previous study of the photoproduction 
of A(1520), where the role of the proton and neutron was 
interchanged. The present result was obtained by fixing 
several parameters in an expectedly reasonable manner, 
especially by using the form factors determined in the 
phenomenological analysis of the A(1520) photoproduc- 
tion, hoping that the form factors for + and A(1520) 
are not very much different. It is therefore important 
to check experimentally the asymmetric nature in the 
photoproduction of A(1520). An experiment with the 
deuteron target was recently performed by the LEPS col- 
laboration, and the analysis is currently performed |l4j. 

In Table [I] we summarize and compare various cross 
sections averaged in the energy range 1.73 < E 1 < 2.10 
GeV. From the table, in all cases, the cross sections for 



the proton target are of order of a few nb. Interestingly, 
these values seem compatible with the upper bound, if 
+ exists, as extracted from the recent CLAS experi- 
ment Q| . Therefore, one of our conclusions is that the 
results of the CLAS does not immediately lead to the 
absence of + . Our present study have shown the pho- 
toproduction of + could be suppressed for the proton 
target. In contrast, the cross sections are sizable for the 
neutron target as large as 25 nb (J p — 3/2 + ) and 200 
nb (J p = 3/2~), when Tq^kn = 1 MeV is employed. 
The future experimental data from the neutron target 
with higher statistics with information on cross section 
values as well as angular distributions are extremely 
important to settle the issue of the pentaquark + . 
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TABLE I: Main results of the + photoproduction, where all 
results are for the case of finite qk* nb- 
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